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Detailed Report 

(Name of invention) 

protective film for a display screen 

Abstract 
(Object) 

This invention offers a protective film for a display screen which can be easily 
applied to a CRT display screen and other display devices to improve its shock resistance 
without reducing brightness. It reduces soiling and scratching and improves the feel 
when touched. 

(Solution) 

This invention consists of laminating a rubber film on at least one side of a 
substrate with at least 80 % transmissivity so that the transmissivity of this lamination is 
at least 80 % or higher. 

Sphere of the patent application 

(Claim 1) 

Claim 1 is concerning a protective film for a display screen which consists of 
laminating a rubber film on at least one side of a substrate with at least 80 % or higher 
transmissivity so that the transmissivity of this lamination is at least 80 % or higher. 

(Claim 2) 

Claim 2 is concerning the protective film for a display screen in claim 1 where the 
rubber film is formed fi-om one rubber or a mixture of two or more rubbers selected fi-om 
silicon rubber, fluorine rubber, acryl rubber, ethylene propylene rubber, and acryl nitrile 
butadiene rubber. 

(Claim 3) 

Claim 3 is conceming the protective film for a display screen in claims 1 or 2 
where the release strength between the substrate and rubber film is at least 4 N/20 mm or 
higher. 

(Claim 4) 

Claim 4 is conceming the protective film for a display screen in claims 1 to 3 
where the substrate and rubber film are directly adhered without adhesive. 

Detailed explanation of the invention 
[0001] 

(Field of industrial use) 

This invention is conceming a protective film for a display screen that can be used 
to protection the surface of a CRT display, liquid crystal display, plasma display, and 
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Other various kinds of display devices. It prevents damage, soiling, and scratching, and it 
has a soft feel, 

[0002] 
(Prior art) 

Developments in the information industry and electronics technology has led to 
the use of display devices such as CRT displays, Uquid crystal displays, plasma displays 
not only in the field of OA devices such as computers, copy machines, and facsimile, but 
also in applications such as TVs, clocks, telephones, control devices in factories, etc. 
Since the display screen of this equipment has to have excellent transmissivity, generally 
a glass plate is used. Recently, plastic film has also been used. 

[0003] However, glass plate is weak against shock, and plastic is easily scratched. Both 
are easily soiled by things such as fingerprints. In order to improve such problems, the 
surface which consists of a glass plate or plastic film can be coated with a protective film 
that consists of polyethylene, ethylene-vinyl acetate copolymer, polyester, etc. In this 
case, although destruction of glass due to shock is reduced, other problems such as 
scratch resistance, soiling, and inferior feel have not been solved yet. 

[0004] 

(Problem that this invention tries to solve) 

This invention offers a protective film for a display screen which can be easily 
applied to display screens consisting of glass plate or plastic film (not only terminal 
display devices for electronic devices) to improve shock resistance without reducing 
brightness. It also reduces soiling and scratching and improves feel. Also, if necessary, 
it can add an anti-glare feature. 

[0005] 

(Step for solution) 

As stated in claim 1 above, the protective film for a display screen of this 
invention consists of a lamination made by laminating a rubber film on at least one side 
of a substrate with at least 80 % transmissivity so that the transmissivity of the lamination 
is at least 80 % or higher. 

[0006] This protective film for a display screen is a lamination made of a substrate film 
and rubber film. Its dimensional stability is better compared to a rubber film. When the 
rubber film surface is flat and smooth, the smooth side of the rubber film can be pressed 
onto the display screen and it will adhere without using adhesive or a tacky agent. In 
addition, when the substrate film side is adopted as the adhering surface, a general 
purpose adhesive can be used, and adhesion is even easier. 

[0007] This protective film for a display screen is a lamination of a substrate film and 
rubber film as stated above. When the rubber film surface is applied, compared to 
conventional plastic protective films for a display screen, fingerprints and scratches are 
reduced. The screen fells soft, and shock resistance is increased. Dimensional stability is 
improved compared to a single rubber film, and molding is easy, which makes handling 
easy. When a rubber film is laminated on only one side and the rubber film surface is 
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used for the adhesion side, since it has a cushioning feature compared to single plastic 
film in the prior art, soiling and scratching are prevented, and the feel is softer. 
[0008] As long as the substrate film of this invention is a plastic film with 80 % or higher 
transmissivity, it is not restricted. For example, you can use a film which consists of 
polyester, polyamide, polyolefin, polycarbonate, acryl based resin, fluorine resin, etc. 
Among these, because of transparency, dimensional stability, and economy; polyester, 
polycarbonate, acryl based resin, and polyolefin are good. An especially good polyolefin 
is norbomene resin. In addition, it is possible to administer hard processing, static 
prevention processing, anti-soil processing, and anti-glare processing on the above 
substrate film. By treating the substrate film with these processes, even more desirable 
characteristics are produced. 

[0009] The protective film for a display screen of this invention needs at least 80 % or 
more transmissivity in laminated condition. Especially, 85 % or higher is preferred. If 
transmissivity is lower than 80 %, visibility of the screen is inferior, and it is not suitable 
for actual use. The transmissivity of the lamination is not restricted as long as it is at least 
80 % or higher. Other features, to increase sharpness, for example, are not restricted as 
long as transmissivity is 80 % or higher. In order to increase picture sharpness, the 
transmissivity should be 85 to 97 %, especially 87 to 95 %. Anywhere less than 85 % or 
higher than 97 %, sharpness is reduced, which is not preferred. 
[0010] The transmissivity of the lamination can be controlled by, for example, adding 
reinforcing fillers made of rubber, silica based, or organic based products. Absorbing 
substances should not be used and thickness and reflectivity should not be excess. 
However, in order to increase picture sharpness as stated above, when the transmissivity 
of the substrate film or rubber film is too high, you can add substances which control 
transmissivity. You can also change reflectivity by suitable surface treatment. You can 
also laminate a layer with controlled transmissivity on top of the lamination with high 
transmissivity, etc. 

[001 1] The rubber film used in this invention is not restricted specifically. As stated in 
claim 2 above, one rubber or a mixture of two or more rubbers selected from silicon 
rubber, fluorine rubber, acryl rubber, ethylene propylene rubber, and acryl nitrile 
butadiene rubber, are good. 

[0012] As stated above, since this invention requires the transmissivity of the lamination 
of the substrate film and rubber film to be at least 80 % or higher, it is preferred to use 
either a silica based or organic based product as a reinforcing filler for the rubber film. 
[0013] In this invention, as stated in claim 3, the desired release strength between the 
substrate film and rubber film should be at least 4 N/20 nmi or higher, especially 6 N/20 
mm or higher. If the release strength between layers is less than 4 N/20 mm, when this 
protective film for a display screen is molded and when it is used, the layers delaminate 
due to external force. 

[0014] Although the substrate film and rubber film of this invention can be bonded by 
adhesive, as stated in claim 4, they can be directly bonded without adhesive. In this case, 
economy is considerably improved. The bonding method is not restricted. However, the 
uncured rubber film can be laminated on the substrate film and then cross linked results 
in good adhesion and an economical process. In this case, in order to improve bond 
strength, an adhesion improving agent can be added to the rubber film. 
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[0015] This adhesion improving agent can be a compound which contains an active 
radical reaction group. Suitable compounds include acryHc acid derivatives, methacrylic 
acid derivatives, and allyl derivatives. Among these, derivatives with 2 or more, 
especially 3 or more unsaturated bonds are suitable. These compounds are used widely as 
co-crosslinking agents for rubber. For example, ester acrylates or ester methacrylates of 
polyhydric alcohol, allyl ester, triallyl isocyanurate,and triallyl cyanurate of polyhydric 
carbonic acid are listed. 

[0016] These ester acrylates or ester methacrylates of polyhydric alcohol are ester 
compounds made from two or more alcohol based hydroxyl groups of polyhydric alcohol 
that have two or more alcohol based hydroxyl groups and acrylic acid or methacrylic acid. 
For example, there are ethylene glycol diacry late, ethylene glycol dimethacrylate, 1 ,3- 
butanediol diacrylate, 1 ,3-butanediol dimethacrylate, 1 ,4-butanediol aery late, 1,4- 
butanediol methacrylate, 1,6-hexanediol diacrylate, 1 ,6-hexanediol dimethacrylate, 
neopentyl glycol diacrylate, neopentyl glycol dimethacrylate, 2,2-bis (4-acryloxy 
diethoxy phenyl) propane, 2,2-bis (4-methacryloxy diethoxy phenyl)prone, glycerin 
dimethacrylate, glycerin triacrylate, glycerin trimethacrylate, trimethylol propane 
trimethacrylate, pentaerythritol diacrylate, pentacrythritol dimethacrylate, pentaerythritol 
triacrylate, pentaerythritol trimethacrylate, pentaerythritol tetraacrylate, pentaerythritol 
tetramethacrylate, tetramethylol methane diacrylate, tetramethylol methane 
dimethacrylate, tetramethylol methane triacrylate, tetramethylol methane trimethacrylate, 
tetramethylol tetraacrylate, tetramethylol tetramethacrylate, etc. Compounds which 
contain 3 or more ester allylates or ester methacrylates are good. Furthermore, although 
the above compounds are listed as single ester compounds of acrylic acid and methacrylic 
acid, they can be mixed esters of acrylic acid and methacrylic acid. 
[0017] Suitable allyl esters of polyhydric carbonic acid include diallylate phthalate, 
triallylate trimellitate, and tetraallylate pyromellitate. 

[001 8] The adhesion improving agent for rubber film can be used either alone or by 
combining two or more kinds. The adhesion improving agent used in this invention is 
not restricted to the above list. 

[0019] The amount of adhesion improving agent is 0.2 to 20 wt. parts, preferably 0.5 to 
10 wt. parts per 100 wt. parts of the entire rubber components. If it is less than 0.2 wt, 
parts, adhesion strength with the substrate film is insufficient. If it exceeds 20 wt. parts, 
adhesion strength reaches saturation and the physical properties of the rubber are lowered. 
In addition, if necessary, it is possible to add reinforcing fillers, pigments, dyes, anti- 
aging agents, antioxidants, mold-release agents, flameproof agents, thixotropic feature 
adding agents, dispersing agents for fillers, etc. 

[0020] In this invention, the adhesion promoting agent can be a peroxide. This improves 
the release strength between the rubber film and substrate even more. However, the 
amount of peroxide should be 0.05 to 10 wt. parts, especially 1 to 8 wt. parts per 100 wt. 
parts of the rubber component. If it is less than 0.05 wt. parts, adhesion will not be 
improved. On the other hand, if it exceeds 10 wt. parts, the adhesion promoting effect is 
saturated and the physical properties of the rubber film are lowered. 
[0021] This peroxide can be either acryl based or alkyl based. Examples include benzoyl 
peroxide, monochlor benzoyl peroxide, 2,4-dichlor benzoyl peroxide, t-butyl cumil 
peroxide, 2,5-dimethyl-2,5-bis (t-butyl peroxy) hexane, 1,1-di-t-butyl peroxy-3,3,5- 
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trimethyl cyclohexane, l,l-bis-t-butylperoxy-3,3,5-trimethyl cyclohexane, di-t- 
butylperoxide, t-butyl cumil peroxide, etc. 

[0022] The side of the substrate film where the rubber film is laminated can be treated 
with an active beam or a primer can be used to promote adhesion. By using these easy 
adhesion polyester films, it is possible to reduce the amount of adhesion improving agent 
in the rubber film. 

[0023] Suitable active beam methods include corona discharge, UV irradiation, plasma 
treatment, flame processing, etc. Suitable primers include polyester based, polyurethane 
based, and polyacryl based polymers, and mixture of these. Any conventional in-line or 
off-line lamination method can be used. It is also possible to treat the film surface with 
the active beam. 

[0024] Methods of bonding directly without adhesive include thermal bonding. Also in 
the case of silicon rubber, a room temperature curing type silicon rubber (RTV silicone 
rubber) or low temperature curing type silicone rubber (LTV silicone rubber) is suitable. 
There is no restriction on the kind of RTV or LTV silicon rubber. It can be either 
condensation type or addition type. It can also be a one component type or two 
components type. 

[0025] The uncured rubber film can be laminated on top of the substrate film by any 
suitable method. For example, the rubber can be dissolved in solvent and spread on the 
surface of the substrate film, or a calendar method where the rubber composition is 
extruded onto the surface of substrate film under high pressure to form a thin rubber film 
can be used. Liquid rubber can be spread without using a solvent. 
[0026] There is no specific restriction as to the crosslinking method either. For example, 
after peroxide is added to the rubber composition and lamination is done by the above 
method, the lamination is heated and cross linked. It can also be cross linked by active 
beam such as UV or y beam. The crosslinking process is not restricted. 
[0027] It is possible to use a fine texture on the surface of the rubber film in order to 
control transmissivity. This texture can be produced by laminating a film with a different 
surface roughness or a cover sheet consisting of cloth on the surface of the un-cross 
linked rubber to transcribe the texture of the cover sheet on the surface of rubber film. 
For instance, a fine texture can be produced on the surface of a conventional rubber sheet 
by using a polyethylene or vinyl chloride film with a matte or embossed finish, or a 
filament woven product such as nylon or polyester taflFeta as the cover sheet. 
[0028] The cover sheet is layered on the surface of rubber sheet when it is cross linked, 
and it is removed after crosslinking. As stated above, when an adhesion improving agent 
is added to the rubber film in order to improve the bond strength with the substrate film, 
even if the cover sheet is removed after crosslinking, since the bond strength between the 
rubber sheet and cover sheet is also improved, peeling of the cover sheet becomes 
difficult. However, if the cover sheet is removed before crosslinking, the rubber film is 
chipped, and rubber is attached to the cover sheet. 

[0029] Accordingly, when the surface roughness of the rubber film is controlled by using 
a cover sheet, the cover sheet can be treated to promote releasing, for example, by using a 
silicon or fluorine based coating on the cover sheet. In addition, it is possible to use a 
material with low adhering strength to rubber such as polymethyl pentene or ethylene 
methacrylate based copolymer as the cover sheet. A multi layer rubber film can be used. 
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and the amount or crosslinking condition of the adhesion improving agent can be 
different on the surface layer and on the backing layer. 

[0030] In this invention, the thickness of the substrate film or rubber film is not restricted 
specifically. However, the substrate film should be 5 to 500 \xm, especially 10 to 200 ^m. 
The rubber film should be 5 to 1000 |im, especially 10 to 500 |am. The thickness ratio of 
the substrate film and rubber film can be chosen fi-eely for each application. 
[0031] The protective film for a display screen of this invention which consists of a 
lamination of a substrate film and rubber film is used for surface protection of a display 
screen made of glass or plastic which is used for devices such as CRT displays, liquid 
crystal displays, plasma displays, etc. However, it can be used for surface protection of 
any display screen. It can be directly applied to the display screen, or it can also be 
applied using a fi-ame or other materials. It can also be placed on top of the display screen 
or other material without sticking. 

[0032] It can be attached using two-sided adhesive tape, or by laminating a tacky layer on 
the protective film, or by using adhesive, etc. If the surface of the rubber film as flat and 
smooth, it will self-adhere to the substrate. Therefore, using this self tackiness, it can be 
applied without using adhesive. In this case, if the protective film for a display screen is 
scratched or soiled, it can be removed easily. Not only that, adhesive does not remain on 
the screen after the device is removed. This self tackiness can be produced by setting the 
average surface roughness Ra of the rubber surface to 0. 12 |a,m or less. 

[0033] 

(Example of this invention) 
Example 1 

Silicon rubber was dissolved in toluene, and 0.2 to 20 v^. parts of ester 
methacrylate of polyhydric alcohol were added per 100 wt, parts of the composition. 
They were stirred and a rubber solution was made. Next, this rubber solution was applied 
on the surface of a polyethylene terephthalate substrate film which had been corona 
treated already (thickness: 5 to 500 )am, transmissivity: 80 % or higher) so that dry 
thickness was 10 to 500 |am. After it was dried in an oven, the rubber film surface was 
laminated with an easy release cover film consisting of polymethyl pentene using 
pressure. 

[0034] Next, the substrate film laminated on one side of the rubber film and cover film 
laminated on the other side were introduced to an electron beam irradiation device. The 
electron beam irradiated from the substrate film side to crosslink the rubber. Next, the 
cover film was removed, and a protective film for a display screen which consisted of a 
lamination of a silicon rubber film and a polyethylene terephthalate film was acquired. 
The transmissivity of this protective film was 80 % or higher; release strength between 
layers was 4 N/20 mm or higher. It can be used by adhering the substrate film side to a 
glass display screen with adhesive. Since the rubber film appears on the surface, it feels 
soft. In addition, even if touched, it doesn't get soiled and scratched. The sharpness of 
the display becomes better. 

[0035] 
Example 2 
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0.2 to 20 wt. parts of ester methacrylate of polyhydric alcohol were combined per 
100 wt. parts of ethylene-propylene rubber composition combined with a silica based 
reinforcing filler, and they were kneaded by a conventional method. Plasma processing 
was administered on the non-sand mat processed side of the polyethylene terephthalate 
film with 80 % or higher transmissivity which had been administered with a sand mat 
process. On this plasma treated surface, the ethylene-propylene rubber composition 
above was laminated by a calendar method. The rubber layer was covered using a film 
with 0.01 to 0.12 jam average surface roughness Ra. This lamination was introduced into 
an electron beam irradiation device. Irradiation was performed fi'om the substrate film 
side, and the cover film was removed. Next, the lamination was again introduced into an 
electronic irradiation device, and electron beam irradiation was done from the rubber film 
side. As a result, a protective film for a display screen with 80 % or higher 
transmissivity, 4 N/20 mm or higher release strength between layers, and 0.01 to 0.12 |j,m 
average surface roughness Ra on the rubber layer surface was acquired. This protective 
film for a display screen has almost the same effect as the film in example 1 when it is 
used by attaching the rubber film side to a glass display screen with adhesive. 

[0036] 
Example 3 

0.2 to 20 wt. parts of ester methacrylate of polyhydric alcohol were combined per 
100 wt. parts of silicon rubber compound, and they were kneaded by a conventional 
method. A plasma process was administered to the non-hardened surface of a 
polyethylene terephthalate film with 80 % or higher transmissivity which had been 
hardened. The silicon rubber composition above was laminated on this plasma treated 
surface by calendaring. The surface of this rubber layer was laminated with an easy- 
release cover film with 0.01 to 0.12 jam average surface roughness Ra. Next, this 
lamination was cross linked by electron beam irradiation. After removing the cover film, 
a protective film for a display screen with 80 % or higher transmissivity, 4 N/20 mm or 
higher release strength between layers, and 0.01 to 0.12 ^m average surface roughness Ra 
on the rubber layer surface was acquired. The rubber film side of this protective film 
was laminated and pressed on a glass display screen, and it was attached by the self 
tackiness of the rubber film. Compared to the case in which adhesive is used, this film is 
easy to remove. Also, since the outer surface is formed by the hardened surface of the 
polyethylene terephthalate film, it is hard to scratch. 

[0037] 
Example 4 

Example 4 was the same as example 1 except that the polyethylene terephthalate 
was treated on both sides with a polyester based surface treatment agent. Silicon rubber 
layer was laminated on one side. A silicon rubber film and cover film were laminated in 
the same order as above on the surface of the substrate and cover film lamination 
acquired here. From the latter cover film side, electron beam irradiation was done, and 
both cover films were removed. As a result, a protective film for a display screen with 
silicon rubber on both sides of a substrate film was manufactured. As an alternative, 
uncrosslinked rubber film and cover film can be laminated in order on both sides of the 
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substrate film, and electron beam irradiation can be done in order fi'om one side and the 
opposite side. 

[0038] Both sides of this protective film for a display screen was flat and smooth, and it 
is attached to a display screen by self tackiness. Also, by setting the surface roughness of 
the other side higher, transmissivity is controlled, and picture sharpness can be improved. 
In addition, since this protective film for a display screen has a rubber film on both the 
front and back surfaces, cushioning and soft feel are improved, and soiling and scratching 
are even less likely. 

[0039] 

(Examples of practice) 

Various kinds of rubber and substrate films were used to produce various 
protective films for a display screen. These examples were tested. In the following, 
details concerning representative examples are going to be explained. In addition, in the 
following, "part" means weight part. Performance was measured by the following 
methods. 
[0040] 

Transmissivity 

Transmissivity was measured by a turbidity meter ("NDH-IOOIDH model" 
manufactured by Nippon Denshoku Kogyo K.K.). 

Release strength between layers 

A knife was inserted into the interface between the substrate film and rubber film. 
Either by applying force locally or by dipping the area in toluene, interface release was 
started, and measurement was done by T model release method following JIS K6854. 

[0041] 

Example of practice 1 

A high transparency silicon rubber currently on the market (hardness: 50) was 
kneaded at 100°C using a two-piece roll, and a rubber sheet with 3 mm thickness was 
formed. This uncured rubber sheet was cut into 1 cm squares. These small squares 
immersed in toluene so that the weight ratio was 23 %, and the mixture was tossed into a 
stirring machine with a vacuum de-foaming device. They were stirred for 15 hours under 
atmospheric pressure, and the small pieces were dissolved in toluene. After that, 
trimethylol propane trimethacrylate was added to the solution so that it would be 2 parts 
per 100 parts of silicon rubber compound. After they were stirred uniformly, the vacuum 
de-foaming device was started, and it was stirred for another 20 minutes under vacuum 
with -750 mm Hg gauge pressure, and it was defoamed. 

[0042] Next, this silicon rubber solution was supplied to a roll coater, and the silicon 
rubber solution was spread on the corona treated surface of a polyethylene terephthalate 
film (substrate film) with 50 \xm thickness and 98 % transmissivity so that the dry 
thickness was 150 |j.m. Next, it was placed in an oven, and dried at 80°C. A matte- 
processed polymethyl pentene cover film (average surface roughness Ra: 0.54 \xm) with 
50 |im thickness was continuously laminated on the surface using a pressure roller 
(pressure: 30 N/cm2). 
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[0043] Next, this lamination was introduced into an electron beam irradiation device set 
to 750 KV, 10 Mrad. The lamination was irradiated, and the cover sheet was removed. 
Then the substrate film-rubber film lamination with 200 \xm total thickness was wound 
into a roll. The transmissivity of this lamination was 92 %. The average surface 
roughness Ra of the rubber layer was 0.54 ^m. In addition, the release strength between 
the substrate film and rubber film was so strong that the rubber film was damaged during 
measurement, and it was judged as 10 N/20 mm or more. The rubber surface of the 
lamination has a soft and excellent feel. This lamination was adopted as a protective film 
for a display screen, and the substrate film side was applied to the glass screen of a liquid 
crystal display using an acryl based general purpose two-sided tape currently on the 
market. 

[0044] Since this protective film for a display screen was applied so that the rubber side 
forms the surface of the display screen, a soft feel was produced. At the same time, 
fingerprints do not form on the screen, and soiling was reduced. Since a cushioning 
feature is added to the screen, even if it is touched by a touch pen, scratches didn't form. 
In addition, since the surface of the rubber film had the fine texture of the cover film, 
reflectivity was appropriately controlled, and picture sharpness was improved, and its 
performance as a protective film for a liquid crystal display was ideal. 

[0045] 

Example of comparison 1 

Example of comparison 1 was the same as example of practice 1 except that 
trimethylol propane was not combined vAth the silicon rubber solution and the thickness 
of the silicon rubber solution after drying was set as 200 |im, and a substrate film - rubber 
film lamination was acquired. Release strength between the layers of the lamination was 
as low as 0.3 N/20 mm, and the rubber film was easily removed. The rubber film 
acquired by releasing the above lamination was 200 |am thick and had 92 % 
transmissivity. Although this rubber film was soft, since it was made of silicon rubber 
and had bad adhesion, even if it was applied to a glass liquid crystal display with acryl 
based general purpose two-sided tape currently on the market, adhesion was impossible. 
It required expensive two-sided adhesive tape for silicon rubber. This rubber film was 
elastic and had low dimensional stability. Workability during molding or application was 
bad, and it was inappropriate as a protective film for a liquid crystal display. 

[0046] 

Example of comparison 2 

A single layer of polyethylene terephthalate film with 188 |im thickness was 
applied to the glass display screen of the liquid crystal display above. In this case, as well 
as in example of practice 1, it was possible to use general purpose acryl based two-sided 
adhesive tape, and workability was also good. However, there was no soft feel. 
Fingerprints were easily formed, and its soil-proof features were inferior. Therefore, it 
was inappropriate as a protective film for a liquid crystal display. 

[0047] 

Example of comparison 3 
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Example of comparison 3 was the same as example of practice 1 except that a 
general purpose product was used as the silicon rubber compound, and a substrate film - 
rubber film lamination was acquired The transmissivity of this lamination was 75 %. 
When this lamination was applied to the glass display screen of the liquid crystal display 
above, transmissivity was low, and visibility of the picture was low. It was inappropriate 
as a protective film for a liquid crystal display. 

[0048] 

Example of practice 2 

100 parts of a high transparency type ethylene-propylene rubber composition 
(rubber hardness: 50) with a silica based reinforcing filler were combined with 3 parts of 
penta erythritol tetramethacrylate, and they were kneaded by a conventional method. 
Meanwhile, plasma treatment was administered on the opposite side of a sand matte 
processed surface of a polyethylene teraphthalate film with 75 jiim thickness and 93 % 
transmissivity. The ethylene-propylene rubber composition above was laminated on this 
plasma processed surface by calendaring so that it was 250 |am thick. This rubber layer 
was covered by a mixture of ethylene-methacrylate copolymer and polyethylene with 0.04 
|im average surface roughness Ra and 60 |am thickness. 

[0049] This lamination was introduced into an electron beam irradiation device. From 
the substrate film side, an electron beam set at 150 KV was used to administer 25 Mrad. 
After removing the cover film, the laminated body was again introduced into an electron 
beam irradiation device. It was irradiated at 300 KV, 15 Mrad fi:om the rubber film side. 
As a result, a 325 |im thick protective film for a display screen was acquired. This 
transparent protective film had 93 % transmissivity, and 12 N/20 mm release strength 
between layers. The average surface roughness Ra of the rubber surface was 0.04 \xm. 
The rubber side of this protective film for a display screen was applied to a glass display 
screen of a liquid crystal display using a general purpose acryl based two-sided adhesive 
tape currently on the market. The outer surface was the sand matte processed surface of 
the polyethylene terephthalate film. 

[0050] This protective film for a display screen was a lamination of ethylene propylene 
rubber film and polyester film. Therefore, either side can be the adhesion surface. The 
rubber film side can be bonded with self tackiness. It also has excellent workability 
during the molding process or adhesion process. At the same time, it has a cushioning 
feature, and it has a soft feel. In addition, even if its surface is touched by a touch pen, 
scratching will not occur. The polyester film surface of the substrate film is a matte 
processed surface with a fine texture. Therefore, reflectivity is appropriately controlled, 
and image sharpness is improved. It is an excellent protective film for a liquid crystal 
display. 

[0051] 

Example of practice 3 

100 parts of an intermediately transparent type silicon rubber compound currently 
on the market (rubber hardness: 20 degree) was kneaded with 3 parts of trimethylol 
propane trimethacrylate by a conventional method. Plasma treatment was administered 
on the non-hardened surface of a polyethylene teraphthalate film with 50 )im thickness 
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and 98 % transmissivity which had been processed with a hard matte finish. The above 
silicone rubber composition was laminated on this plasma processed surface by 
calendaring so that the thickness was 300 ^im. The same cover film as example of 
practice 2 was laminated on the surface of this rubber layer, 

[0052] The acquired lamination was introduced into an electron beam irradiation device. 
Electron beam irradiation was administered at 750 KV, 15 Mrad. After removing the 
cover film, a protective film for a display screen with 350 |am thickness was acquired, and 
it was wound into a roll. This protective film for a display screen had 90 % 
transmissivity, the bond strength between layers was so strong that the rubber film was 
damaged by the measurement, and it was judged as 12 N/20 mm or more. The average 
surface roughness Ra of the rubber surface of this protective film for a display screen was 
0.038 Jim, and it was very tacky to a flat smooth surface. For example, it can be applied 
to a glass display screen of a liquid crystal display just by pressure without using a tacky 
agent or adhesive. When it becomes soiled, it can be easily removed. 
[0053] With this protective film for a display screen, one surface of the substrate film 
(polyester film) is hardened, and the rubber film is laminated on the back side to give it a 
cushioning feature. Therefore, it has a nice feel when used as a surface protective film for 
a liquid crystal display. In addition, even if its surface is touched by a touch pen, 
scratches are prevented. Since transmissivity is appropriately controlled, image sharpness 
is improved. It is an excellent protective film for a liquid crystal display. 

[0054] 

Example of practice 4 

In example of practice 4, a highly transparent silicon rubber compound currently 
on the market (hardness: 50) was used. The substrate film was a polycarbonate film with 
100 [im thickness which had been plasma treated. The cover film was a 
polymethylpentene film with 50 |im thickness with a matte finish. Except for these 
changes, .similar procedures as example of practice 3 were used, and a protective film for 
a display screen was manufactured. It had 92 % transmissivity, and the release strength 
between layers was so strong that the rubber film was damaged by the measurement, and 
it was judged as 10 N/20 mm or more. This protective film for a display screen could be 
applying the substrate film side to a glass display screen of a liquid crystal display using 
an acryl based general purpose two-sided tape currently on the market the same as 
example of practice 1, and it was extremely practical 

[0055] 

Example of practice 5 

In example of practice 5, except that both the front and back sides of the 
polyethylene terephthalate substrate film was treated with a polyester based primer, the 
same procedures were followed. A silicon rubber film and cover film were laminated on 
the substrate film surface of this lamination the same as in example of practice 3. They 
were cross linked by electron beam irradiation, and both cover sheets were removed. The 
latter cover film was a product with 0.54 |am average surface roughness Ra. Since the 
acquired protective for a display screen has silicon rubber film on both sides of the 
substrate, it showed excellent cushioning. 
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[0056] Because the silicon rabber film which had been laminated at the beginning had 
low surface roughness and was rich in self tackiness, when this silicon rubber film was 
used by applying it to a glass display screen of a liquid crystal display by self tackiness, 
the surface roughness of the silicon rubber film which had bee laminated later was high, 
and transmissivity became 90 %. Sharpness was high and cushioning was good, and it 
was an excellent film for protecting a display screen. 

[0057] 

(Effects of this invention) 

The invention in claims 1 to 4 is a lamination of a substrate film and a rubber 
film. Since it has excellent transmissivity, it can be applied by the substrate film side to a 
display screen of various display devices such as CRT displays, liquid crystal displays, 
plasma displays, etc., using a general purpose adhesive or tacky agent to protect the 
surface. Since the rubber layer forms the surface layer, soiling such as fingerprints does 
not occur, and it is excellent in soil resistance. In addition, since it has a cushioning 
feature, it feels good, and also it is hard to mark. Because it has excellent dimensional 
stability, handling is good. If the surface of the rubber layer is flat and smooth, it can be 
attached by pressing this rubber layer surface on the display screen. In this case, adhesive 
or tacky agent is not necessary. Also, since it has a rubber layer on the rear side, 
cushioning also appears on the substrate side. Therefore, soiling or scratching is less 
likely compared to the case where the substrate film is a single body. 
[0058] Since the invention in claim 2 specifies the rubber material, manufacturing is 
easy, and the above soil resistance and scratch resistance are improved. Since the 
invention in claim 3 specifies the release strength between layer as 4 N/20 mm or higher, 
the layers will not be separated by external force, and handling becomes even easier. 
Also, according to the invention in claim 4, since the substrate film and rubber film are 
directly adhered without adhesive, adhesive becomes unnecessary, and it is economical. 
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